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ULTRASONIC STEEL CLEANLINESS SYSTEM 
ABSTRACT 
James M. Smith 
Army Materials and Mechanics Research Center 
Watertown, Massachusetts 02172 
It is well known that nonmetallic inclusions can adversely 
affect the metallurgical properties of engineering alloys. For 
critical components such as aircraft engine gears and bearings it 
is important then to quantitatively assess the severity of the in-
clusion content in the alloy material before performing costly 
manufacturing operations. This poster paper will describe the 
operation and the initial results of a computer controlled steel 
cleanliness inspection system. 
The severity of the inclusion content is determined by this 
system through a statistical analysis of the internally reflected 
ultrasonic indications from the alloy material as a transducer is 
scanned in a raster fashion. These indications are sorted by a 
computer with respect to signal amplitude and location in the 
material. The initial results from a sampling of known clean and 
dirty steel billets show that the amplitude distribution function 
for the ultrasonic indications from clean material is nearly a 
normal distribution while the same distribution function for material 
with high nonmetallic inclusion content is highly skewed. Work has 
just started which will determine how well the ultrasonic cleanliness 
data from bar stock material will correlate with the mechanical per-
formance of helicopter gears manufactured from this stock. The 
initial results will be presented. 
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INTRODUCTION 
Nonmetallic inclusions are known to produce a damaging effect 
on the mechanical behavior of steel components (engine gears and 
bearings, gun tubes,* torsion barst) when present in certain quan-
tities and sizes in high-strength materials . For critical applica-
tions it is important to determine the cleanliness (severity of 
the inclusion content) of the steel material before proceeding to 
the manufacturing stage. The current method of qualifying steel 
for cleanliness is the Magnetic Particle Method outlined in ASM 
2301. Here, samples from the top and bottom of the first, middle, 
and last ingot in a heat of steel are machined to "stepdown" bars 
and examined with fluorescent magnetic particle techniques for 
inclusions. The inclusions are rated according to their severity 
(length) and frequency of occurrence . 
ADVANTAGE OF ULTRASONIC CLEANLINESS APPROACH 
The Magnetic Particle cleanliness technique is time consuming, 
subject to operator interpretation , and involves costly machining 
of the stepdown bars. The technique can only give information 
concerning the cleanliness of the surface of the stepdown bars . 
On the other hand, ultrasonic inspection techniques are fast, 
easily automated, and require only minimal machining of the steel 
samples (typically the top and bottom of a sample is ground smooth). 
In addition, since the ultrasonic approach examines the interior 
of the steel samples, the measurement is a better estimate of the 
actual inclusion content of the steel . 
Fig. 1 . Typical steel billet. Dimensions are 5" x 5" X 14" . 
*"Establishment of a Tentative Ultrasonic Steel Cleanliness Stan-
dard", D. Moberg, Rock Island Arsenal 1973. 
t"Establishment of Ultrasonic Inclusion Rating Method for Torsion 
Bar Spring", C. Carter and R. Celletti, International Harvester 
Co., Manufacturing Research 1977. 
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The cleanliness of a heat of steel is determined by making 
ultrasonic cleanliness measurements on samples which are typically 
chosen from the top and bottom of the first, middle, and last ingot 
in a heat. The previous photograph is a typical sample (billet) 
used for cleanliness measurements. 
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Fig. 2. Operation of ultrasonic steel cleanliness system, block 
diagram. 
The steel billet is placed in the immersion tank and positioned 
beneath an ultrasonic transducer which is scanned in a conventional 
raster fashion. 
A LSI-II based minicomputer is used to control the pulser 
receiver parameters, particularly the time gate, which is continu-
ously swept through five "depth" zones within the steel sample. 
The amplitude of the largest ultrasonic echo within the gate is 
digitized and stored in the computer along with the current X-Y 
position of the transducer. The attenuation of the ultrasonic 
signal through the sample is taken into account by a normalization 
scheme so that all five zones are treated on an equal basis. In 
this way it is possible to determine how the cleanliness of the 
sample varies with X-Y position and depth below the surface. 
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Billet #021 
Amplitude of Ultrasonic Indications 
Histogram showing frequency of occurrence for the ultrasonic indications 
plotted against their amplitude. Data is typical of a "clean" billet. 
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Billet #064 
Amplitude of Ultrasonic Indications 
Histogram for a "dirty" billet. 
Fig. 3 . Plotted cleanliness data , 
The histograms show the contrast in the cleanliness data 
between a "clean" and "dirty" billet . Here the number of echo re-
turns at a particular amplitude bin (128 levels) is plotted against 
the amplitude level. The two plots are easily distinguished by the 
large number of high amplitude echoes detected in the dirty billet 
and by the dramatic change in the shape of the amplitude distribution 
function shown in the above plots. 
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Fig . 4 , Digital C-scans for five depth zones. 
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The cleanliness data is plotted in a C-scan format for each 
of the five depth zones. Only data points corresponding to ultra-
sonic echoes above a prescribed threshold are plotted . This in-
formation is useful for determining the particularly bad regions 
of the billet. 
CONCLUSIONS 
A determination of the relative degree of severity of inclusions 
in steel specimens is possible using the technique described here. 
The procedure for rating steel would involve the measurement of the 
amplitude distribution of the ultrasonic returned echoes from sample 
billets representative of a particular heat of steel. This data 
would then be correlated with data from a "standard" billet (known 
to be of acceptable quality) to determine the acceptability of the 
particular heat. The allowed variations in the data between the 
steel under test and the standard billet would have to be determined 
empirically. 
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FUTURE WORK 
A joint effort by the Army Materials and Mechanics Research 
Center (AMMRC) and International Harvester has just begun to deter-
mine the effect of inclusions on the mechanical performance of a 
particular helicopter engine gear. Steel bar stock (9310) and gear 
pancakes will be tested for inclusions using the ultrasonic steel 
cleanliness systems at AMMRC and International Harvester, and these 
results will be correlated with mechanical tests made on the finished 
gears. A strong correlation between mechanical performance and steel 
cleanliness would lead to the establishment of an Army Cleanliness 
Specification for critical engine components, and this Specification 
would be cited by Technical Data Packages dealing with the purchase 
of these items. 
